Tourist distribution, a vector to reflect the tourist number of every scenic spot in a certain period of time, serves as the foundation for a scenic spots manager to make a schedule scheme. In this paper, a forecast model is offered to forecast tourist distribution. First of all, based on the analysis of changing mechanism of tourist distribution, it is believed that the possibility for a scenic spot to have the same tourist distribution next time is high. To conduct this forecast, we just need to research on the similar tourist distributions of which time and tourist scale are close. Considering that it is time-consuming, an improved K-means cluster method is put forward to classify the historical data into several clusters so that little time will be
Introduction
Tourism, which benefits transportation, accommodation, catering, entertainment, and retailing sectors, has become a quite prosperous industry in the past few decades [1] . In 1960, the international tourist arrivals were only 69.3 million, while in 2010 the number was 935 million, and that meant an average growth rate of 5.3 per year [2] . The UNWTO forecasted that international tourism demand will double by 2020 to 1.6 billion visitors and it would generate nearly $2 trillion dollars in economic activities [3] . China's tourism industry develops faster than other countries as the Chinese people's living standards improved significantly along with the rapid development of national economy. As long as a scenic spot can successfully attract tourists and expand its bearing capacity, it will bring huge economic benefits. Therefore, in China, especially the western area which lacks natural resources, tourism has become a driving force of regional economic development. With the rapid development of tourism industry and the rapid increase of tourists, the scenic area has become increasingly congested, so that safety risk is increased and visitors experience is not so good. Congestion can be divided into two categories, true congestion and spurious congestion. The former means the tourist number is far beyond the capacity of scenic spot, while the latter means tourist number is about to surpass the capacity, and, because of tourist scheduling delay, tourist distribution is of disequilibrium; namely, some spots are crowded while some are vacant. For the first kind of congestion, the capacity should be expanded, while, for the latter, effective scheduling can be used. Nowadays, shunt scheduling has two main problems. The first one is delay. The existing scheduling mode belongs to the schedule that scheduling instruction is offered only after the crowd comes into being, so scheduling instruction is delayed because when the scheduling began to take effect, the congestion degree of the scenic spot has changed, which in the end greatly reduced its effect. The second is that the present scheduling lacks hierarchy so that it fails to effectively control the congestion. A good solution to this problem is the following: managers could accurately forecast the amount of tourists arrivals and forecast under different resolutions. Real-time forecast can help scheduling scheme design in different levels of each node and effectively improve the utilization rate of resources. As a result, the real-time forecast on the amount of tourists arrivals has become the research focus.
The researches on forecasting of tourists quantity began in the 1960s, and, in recent years, scholars have made great efforts to improve the accuracy of the forecast. Exponential model, ARIMA model, and GARCH model were built to From the above analysis, it is found that researches on methods to forecast tourist arrivals have been done by lots of researchers, but the research on the real-time forecast is few. Qiu et al. [16] analyzed the space distribution features of tourist flow. Witt and Song [17] pointed out that the tourists distribution is imbalanced in terms of time and space. Yan and Meng [18] , Lu et al. [19] , and Yan et al. [20] analyzed time and space distribution features of the tourists. Liang and Bao [21] analyzed the seasonal features of theme parks visitors, its influencing factors, and the tourist flow fluctuation law in busy seasons. These studies only focused on the characteristics of tourists' distribution in terms of space and time so that in-depth dynamic forecast researches on nodes in scenic spots are needed.
Based on the analysis of the tourist number of each scenic node in a scenic spot, we initiate a clustering algorithm to search the nearest tourist distribution. Then the algorithm is used to forecast the future tourist distribution of a scenic spot so as to testify the previous forecast. At last, an empirical research is done on Jiuzhai Valley. Section 2 describes the problem and analyzes tourist distribution forecast in a scenic spot. In Section 3, an improved -means algorithm is proposed to solve the forecast model. Section 4 takes Jiuzhai Valley as an example to verify the effectiveness of the tourist distribution forecast model for a scenic spot and Section 5 draws a conclusion.
Problem Analysis
For a scenic spot with only one entrance, one exit, and many scenic nodes, if we can forecast the tourist number of each node at any time, then the schedule schemes of the scenic spot will become easy and timely. In order to make this real-time forecast, we need to study historical tourist distribution data of the scenic spot. Tourist distribution is defined as
In (1), tourist distribution ( ) at time is a -dimension vector which represents scenic spots' tourists number ( ) , = 1, 2, . . . , .
It is clear that the possibility for a scenic spot to have the same tourist distribution next time is high if time and tourist scale are close. For example, time 1 and 2 are similar times of different days and | 1 − 2 | is small. If their respective tourist distributions ( 1 ) and ( 2 ) are very similar and tourist scales ( 1 ) and ( 2 ) are also close, then the possibility for their next-time tourist distributions ( 1 + 1) and ( 2 + 1) to become similar will be high. So, if, at time , we want to forecast tourist distribution ( + 1), we only need to know tourists distribution ( ) * is close to ( ) and the next-time tourist distribution ( + 1) * of ( ) * can be taken as the forecast value of ( + 1).
However, as the purpose is to make real-time forecast of each minute and scenic spots' open duration is generally more than 10 hours which means there are 600 data a day, it is timeconsuming to find the similar tourists distribution * . In order to make the search efficient, we can classify historical data into several clusters by clustering algorithm and then judge which cluster ( ) is belonged to. Thanks to the cluster, we can find the similar tourists distribution ( ) * within time (1/ ) on average ( is the cluster numbers and is the time consumed to find ( ) * without clustering).
Modeling

Principles of Forecast.
From the above analysis, to realize the real-time tourist distribution forecast, we should firstly classify the tourist distribution samples into several clusters and abide by the principle that in the same cluster the objects should be similar in respect of tourist distribution, time of that tourist distribution, and the tourist scale at that time.
As a result, we should add elements (time of that tourist distribution and the tourist scale at that time) into the tourist distribution ( ) = ( ( ) 1 , ( ) 2 , . . . , ( ) ) and the new tourist distribution is defined as the time-scale distribution of the tourist distribution
) be the time-scale distribution of the tourist distribution ( ) in which 1 represents time of the tourist distribution ( ),
+2
represents tourist scale, and
. So time-scale distribution and tourist distribution ( ) have the following connection:
) can be classified into many clusters based on the cluster algorithm. In the same cluster, tourist distribution , time of the tourist distribution, and the tourist scale are similar. So, if a certain data ( ) is judged to belong to cluster , then the next-time tourist distribution ( 1 ( ) + 1) can be estimated ( 1 ( ) is the first element of ( ), so it refers to the time) in that it is highly possible that the similar distribution jumps to the similar cluster next time. For example, in Figure 1 , a tourist distribution data = ( 1 , 2 , . . . , ) has 3 clusters = ( , , ). Any distribution ( ) which belongs to cluster can be changed under three kinds of circumstances. Firstly, next-time distribution ( + 1) may just remain in the same cluster with the distribution ( ). Secondly, next-time distribution ( + 1) may jump to cluster . Thirdly, next-time distribution ( +1) may jump to cluster .
At time , the tourist distribution is ( ) = ( ( ) 1 , ( ) 2 , . . . , ( ) ), and the sample distribution is ( )
, which is the most similar one to ( ) = ( ( ) 1 , ( ) 2 , . . . , ( ) ) in the same cluster. In this situation, tourist distribution ( + 1) = ( ( + 1) 1 , ( + 1) 2 , . . . , ( + 1) ) of next time + 1 should be similar to the ( + 1)
* ) can be taken as the forecast value of ( +1) = ( ( +1) 1 , ( +1) 2 , . . . , ( +1) ). The detailed forecast process is shown in Figure 2. = { 1 , 2 , 3 , . . . , } be a set of data objects and each object has + 2 natures; then these data can also be represented by a profile data matrix × +2 that has row vectors and each row vector has + 2 dimensions to represent a data object. In this paper, a data object represents a time-scale distribution, so × +2 is the dataset of the time-scale distribution. 
-Means Algorithms. Let
where ‖ − ‖ 2 is the distance between object and centroid . 
where denotes the number of the objects belonging to cluster , = (1, 2, . .
. , ).
Then repeating the above step until centroids = 
The Improved -Means Algorithms.
In the forecast of tourist distribution, cluster number has an impact on the accuracy of forecast which is the key to the -means clustering algorithm. However, the -means clustering algorithm cannot give cluster number . To solve this problem, we will propose improved -means algorithms which can ensure cluster number to make a better forecast.
Select the Two Optimal Centroids.
To make sure that objects in the same group are as similar to each other as possible and objects of different groups differ as much as possible, we should select two centroids whose distance is the farthest when compared with any other two objects. So they are the two optimal centroids that can be obtained through the method below.
(1) Randomly select an object from the object data = { 1 , 2 , . . . , }, and then calculate the distance between object and any other object :
(2) Select the max( ) and the farthest object . (4) , are the two optimal centroids if = or < ; else, , are the two optimal centroids, (5) 1 , 2 represent the two optimal centroids.
Confirmation of the Cluster Number .
After obtaining the two centroids, we need to determine the cluster number . The method is stated as follows.
(1) Select a new centroid.
By calculating the distance between the existing centroids (the current cluster number) and another object we can get each minimum distance = min{ 1 , 2 , . . . , , . . . , } of object and object may be taken as a new centroid (named 
where represents th feature of centroids in cluster .
Definition 1.
Let , be the intercluster distance, which represents the distance between the th cluster and the th cluster . Thus, it can be calculated by
Definition 2. Let be the intracluster distance which represents the average distance among the objects ∈ ; then it can be calculated by
Definition 3. Let be evaluation index which indicates whether the new centroid +1 is necessary; then is defined as
A better cluster algorithm must conform with two conditions. Firstly, objects in the same cluster should be as similar as possible which means intracluster distance must be as small as possible. Secondly, objects in different clusters should be as different as possible which means intercluster distance must be as big as possible. In (7), we can find that increases while both and decrease. So can be regarded as the evaluation index to reflect whether creating a new centroid is reasonable. In this case when centroid has been created, we just need to compare with +1 . If > +1 , then the new centroid is reasonable, and a new cluster by above method. Else, the new centroid is unreasonable and the optimal = .
The improved -means algorithm is based on themeans algorithm, and it has not set the cluster number , which is determined by the data. So the improvedmeans algorithm can perform better than -means algorithm. The comprehensive description of the improved -means algorithm is shown in Algorithm 2.
Forecast Method.
In order to forecast tourist distribution, we should judge which cluster the current tourist distribution's time-scale distribution belongs to and then find out the most similar time-scale distribution in that cluster. Therefore, we can take next-time tourist distribution ( 1 + 1) of the similar tourist distribution ( 1 ) as the forecasting value for the next minute. The detailed forecast process is shown in Figure 2 .
Empirical Analysis
Jiuzhaigou Introduction and Errors Evaluation Method.
Jiuzhai Valley scenic spot is located in western China and is complimented as a world-class natural scenic spot. The tourism industry there greatly promoted the economic development of western China. ) . Technologies such as RFID and GIS are widely applied in the scenic spot; digitization systems such as Access Control System and RFID card reader have been distributed in each attraction of the scenic spot so that all kinds of data can be collected. In this paper, Jiuzhai Valley is taken as an example to testify the forecast model.
In order to evaluate the effectiveness of the forecast model, this paper takes mean absolute percentage error (MAPE) as evaluation statistics, and the calculating method is as follows:
As MAPE is the mean value of all times forecast errors, we should analyze each times error to find the major characteristics of the errors. We set relative error and its calculating method is as follows: wherê( ) represents forecasting result of the tourist distribution and ( ) the truth tourists distribution at time . Through (10), it is clear that if the forecast value is closer to the real value, then the result of the equation will be smaller. So the equation can be used to evaluate the effectiveness of the forecast model.
Data.
We have collected data of Jiuzhai Valley's tourist distribution and its corresponding time-scale distribution from May 1 to May 7 in 2012 and 2013, respectively. The data of May 7, 2013 , has been used to test the accuracy of the forecast model and other data are taken as the training data to get the clusters and their centroids by the improved -means cluster algorithm.
Clustering.
With the help of the improved -means cluster algorithm, we have obtained 9 clusters and their corresponding centroids are shown in Table 1 .
Forecast.
Based on the forecast method proposed in this paper, we have forecast the tourist distribution of the 120 minutes (from 11:01 to 13:00) on May 7, 2013 (see Figures 3, 4, 5, 6, 7, 8, 9 , and 10), and then obtained the MAPE = 5.32% by (10) . In order to analyze the errors at different times, RE( ) is calculated by (11) (see Figure 11) .
From Figure 11 , we can find that 4 forecast errors are less than 3%, and they contribute to 2.9% of the total; 27 are less than 4% but more than 3%, and they contribute to 22.5% of the total; 20 are less than 5% but more than 4%, and they contribute to 16 .7% of the total; 26 are less than 6% but more than 5%, and they contribute to 21 .7% of the total; 16 are less than 7% but more than 6%, and they contribute to 13.3% of the total; 16 are less than 8% but more than 7%, and they contribute to 13 .3% of the total; 7 are less than 9% but more than 10%, and they contribute to 5.8% of the total; and 3 are (10.05%, 11.54%, and 10.22% at 11:35, 11:38, and 11:50, resp.) more than 10%, and they contribute to 2.5% of the total. So we can come to the conclusion that the forecast model is effective.
Conclusion
Based on the improved -means cluster algorithm, a forecast model is put forward to forecast the tourist distribution which serves as the foundation for the scheduling. Firstly, with the improved -means cluster algorithm, time-scale distribution data is classified into several clusters and then we come to judge which cluster it belongs to. Because ( ) consists of elements [ 2 , 3 , . . . , −1 ] in of which the first element 1 = , tourist distribution ( ) can also be classified into the same cluster with , of which the first element 1 = and ( ) belongs to the same cluster with its timescale distribution , of which the first element 1 = . Secondly, research is made on the most similar historical data ( ) in the same cluster with tourist distribution ( ) which is being used to test the forecast model, and tourist distribution ( + 1) is taken as the forecast value of the tourist distribution ( + 1). Finally, the empirical study in Jiuzhai Valley illustrates that the forecast model is effective.
